Variable optical attenuators (VOAs) based on insertion of a shutter into an optical beam have been demonstrated using electrostatic and electrothermal actuation 1, 2 . Often, it is desirable to set and hold the attenuation. . Toothed mechanisms are more resistant to vibration and shock, but their resolution is limited by the minimum tooth size and by any clearances. Using fabrication by deep reactive ion etching (DRIE) of bonded silicon-oninsulator (BSOI), the resolution is too coarse for direct VOA operation. The resolution may be increased with mechanical levers, but only at the expense of travel range.
. Often, it is desirable to set and hold the attenuation. Bistable mechanisms have been developed for switches 3 . Multi-state mechanisms appropriate for VOAs have been based on elastic clamps 4 and rack-and tooth mechanisms 5 . Toothed mechanisms are more resistant to vibration and shock, but their resolution is limited by the minimum tooth size and by any clearances. Using fabrication by deep reactive ion etching (DRIE) of bonded silicon-oninsulator (BSOI), the resolution is too coarse for direct VOA operation. The resolution may be increased with mechanical levers, but only at the expense of travel range.
These limitations are overcome using the compound latches described here. Each stage has two electrothermal shape bimorph actuators, as shown in diagram 1 of Figure 1 . The rack of the primary stage is mounted part way along the lever of the secondary stage, as shown in diagram 2, so that its base position is slightly adjusted by the movement of the secondary stage. Increased resolution is therefore obtained from the secondary stage, while the primary stage provides the required travel range. The cascading may be continued, but only until increases in resolution are overcome by slop in the mechanism. Remote drives are required for all except the highest-order rack, because only this element has a fixed base. Figure 3a shows the variation of attenuation with drive power using 8/125 µm SM fibre operating at 1.55 µm wavelength, when only the primary actuator is driven. Continuous attenuation down to -40 dB is obtained using a shutter motion of ≈ 20 µm, although a large initial motion is needed to place the shutter in the beam path. Figure 3b shows the achievable range of fixed attenuation states. The two sets of data correspond to two settings of the primary latch, and each point corresponds to a different secondary state. The lack of overlap between two ranges is caused by elastic relaxation when the drive power is removed. Relaxation may be minimised by improved design of the actuators, which also serve as elastic hinges, and work is now concentrating on this aspect. 
